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Abstract 
Photovoltaic units have been adopted recently as embedded generators in distribution feeders; the accommodation of 
this green source of energy in medium voltage feeders is a challenging task due to complexity and extensive 
dimensionality of finding optimal site and size problems. The optimal selected site should reflect the best impacts 
over both network and consumer side. Genetic Algorithm is employed successfully in this work to find the optimal 
site and size of PV units in a practical 11kV feeder within Baghdad distribution network. Accommodating 
photovoltaic units in the optimal sites improve both service availability, quality and reduce network loss. 
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1. Introduction 
This paper implements development of an intelligent technique, seeded by multi step accommodation 
strategies to find the optimal site and size of PV units in 11kV radial feeder during a certain load profile, 
which is defined as renewable energy embedded generation optimal accommodation problem [1]. 
The accommodation of PV system ais defined as the siting of small-scale photovoltaic units in local 
utility medium voltage distribution network to improve the service availability, power quality and loss 
reduction. [2,3]. 
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Previously, distribution network’s researchers record many difficulties when using traditional methods 
to solve the optimal accommodation problem, some of these difficulties are: 
1. Multiple constraints complex problem that must not be violated while finding the solution 
[4]. 
2. Large dimensions that increase significantly depending on how many PV units to be 
accommodated, network size and the decision stages [5]. 
In this work, an intelligent technique based on genetic algorithm (GA) is adopted. GA offers 
minimum operation time, storage required and memory used when coded as a computer program, 
producing high fitness structures and offspring while solving large dimensional complex 
optimization problems [6]. 
2. Accommodation Strategy 
In order to find the optimal site for a set of PV units, the test system is subjected to three sub-
strategies: 
 
2.1 Penetration Level Investigation 
All candidate locations are subjected to a single site power injection test (SSPIT). In this test, an 
imaginary PV unit is connected to all locations one by one, an increment increase in power generation is 
performed until violation occurs. The purpose of this strategy is to record the maximum penetration level 
(MPL) for each location that is the maximum power that can be injected from a certain location without 
violating any violation index. The objective function of this test is : 
߰௜ ൌ ௜ܲǢ ݅ ൌ ͳǡʹǥ Ǥ ݊                                                              (1) 
constraint :  Ƀ =0 
Where Pi is the power injected in kW, n is the number of buses. The objective function is maximized, 
constrained by a violation factor Ƀ, this factor is related to a violation matrix Vm which may contain 
several indices that when known can give an indication of the accommodation impacts. 
The violation indices could be compliant and adjustable; in this work three appreciable indices are 
chosen as below: 
௠ܸ ൌ ൭
ߙ
ߚ
ߛ
൱ 
The violation factor Ƀ ൌ ߙڀߚڀߛ                                                      (2) 
a) Where Ƚ is a voltage drop violation index and can be expressed as: 
Ƚ ൌ ൜ͳ݂݅ ௗܸ௞ ൐ ௗܸ௢Ͳ݈݁ݏ݁ݓ݄݁ݎ݁                                                                           (3) 
where  ௗܸ ൌ ௉೔௏ ሺܴ ൅ ܺݐܽ݊߶ሻǡ ݇ ൌthe increment injection step number 
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b) Ⱦ is the loss violation index and represents a comparison between total system loss before and 
after increment injection as the following:
Ⱦ ൌ ൜ͳ ݂݅ ܮ௞ ൐ ܮ௢Ͳ ݈݁ݏ݁ݓ݄݁ݎ݁ (4)
ݓ݄݁ݎ݁ ܮ ൌ ͵ܫଶܴ ൅෍ ௢ܲሺ݊௧ሻ ൅ ܽଶ ௖ܲሺ݊௧ሻ
௡೟
ଵwhere    ܽ is the load factor of transformer.
c) ߛ is the voltage gain violation index.
ߛ ൌ ൜ͳ ݂݅ ௚ܸ௞ ൏ ͲͲ ݈݁ݏ݁ݓ݄݁ݎ݁ (5)
Violation may occur if power is injected with regards to network parameters, load type, load demand
and transformer loading at the injection site.
At the end of this investigation, the adverse impacts of PV siting regarding loss and voltage will be
designated and hence the un-wanted adverse impact sites are designated that can be excluded from next
steps result in reducing the problem complexity. Furthermore, the sites that can withstand higher power 
injection with positive impacts are registered in a cumulative manner as MPL matrix. All the above
records are obtained using a modified power flow program based on Newton-Raphson technique.
2.2 Finding Optimal Sites
In this strategy, a multi site power injection test MSPIT is performed, in this test a constrained random
multi site injection test is implemented using GA.
The first step in GA is illustrating the chromosome, which represents both the candidate sites to be
tested in binary and the relative test result in decimal, which is known as fitness. The length of the 
chromosome is bn+1, where bn is the number of positive impact buses, the chromosome format is
expressed as in figure 1.
b1 b2 bn F1
Network Sites
Adverse impact sites (un-
wanted)
Fitness
Figure 1
Chromosome Format for MSPIT
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The GA approach involves the following steps: 
I. Initialization, this step is carried out by generating a definite number of chromosomes nc 
constrains considering SSPIT violation matrix. The number of candidate sites must be defined at 
this point in order to reduce the searching horizon, this result in preparing nc number of 
chromosomes including only positive impacts group of sites. 
II. Fitness evaluation, for all nc fitness is evaluated and recorded in the last location of 
chromosome, the evaluation procedure is implemented with respect to weight factors ԧ array as 
shown below: 
 
ܨ݅ݐ݊݁ݏݏ ൌ ͳቚሾܲ݉ܽݔ ܮെͳ ܸ݃ሿሾԧሿܶቚ                                                          (6) 
ݓ݄݁ݎ݁ ௠ܲ௔௫ ൌ෍ ௜ܲ
௕೙
ଵ
ሺ݊௖ሻ 
 ܨݑݎݐ݄݁ݎ݉݋ݎ݁ ௜ܲ ൌ ܸ
ʹ ߠ
ʹܼሾͳ൅ሺߜ൅ߠሻሿ 
ݓ݄݁ݎ݁ԧݎ݁݌ݎ݁ݏ݁݊ݐݏݐ݄݁ݓ݁݅݃ݐ݄݅݊݃݂ܽܿݐ݋ݎݏܽݎݎܽݕሾ߬ଵ ߬ଶ ߬ଷሿ 
݅݊ݓ݄݄݅ܿ෍ԧ௜
௡
௜ୀଵ
ൌ ͳ 
The angles ߜǡ ߠ represent the impedance and voltage angle respectively. 
 
III. Selection, two chromosomes are selected randomly to perform the GA next operations. 
IV. Crossover, two crossover points are randomly selected within a chromosome string, then two 
parent chromosomes are interchanged between these points to produce two new offsprings with 
improved fitness. 
V. Mutation, for low fitness chromosomes, mutation operator takes the chosen genome and inverts 
the bits. A mutation probability of bn-1 is adopted. 
The result includes the optimal group of sites suitable for accommodation. 
 
2.3 Finding Optimal Size 
At this point, finding the optimal site is not sufficient, another challenge of deciding what is the 
optimal rating of the set of PV units that can be accommodated in the optimal sites. 
To solve such a large dimensional problem GA is also adopted by implementing an optimal allocation 
strategy OPAL. 
In this strategy both penetration level investigation and optimal site results previously discussed are 
required, the chromosome coding in this case is decimal, length is narrowed to include only the optimal 
sites. 
The OPAL approaches involve the following steps: 
I. Record the initial values of system power flow data. 
II. Obtain the MPL from SSPIT strategies. 
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III. Obtain the optimal sites group from the MSPIT. 
IV. Generate nc chromosomes with respect to the following considerations: 
 
Chromosome Length = Number of Optimal Sites +1                            (7) 
Generate Random Size for Each Optimal Location ௦ܲ௜௧௘
௡೎   
Constraint:   
௠ܲ௜௡ ൏ ௦ܲ௜௧௘ሺ௜ሻ௡೎ ൏ ܯܲܮ௦௜௧௘ሺ௜ሻ 
where ௠ܲ௜௡݅ݏݐ݄݁݉݅݊݅݉ݑ݉ܸܲݎܽݐ݅݊݃ܽݒ݈ܾ݈ܽ݅ܽ݁ 
V. Perform GA operators. 
Chromosome format for OPAL strategy is as shown in figure 2, including two optimal sites problem, the 
result yields the optimal allocated power for the optimal sites group and also for each individual site. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.Case Studied 
The accommodation strategy is applied to 11kV feeder within Baghdad distribution network named 
114MOHET as shown in figure 3. The feeder consists of 15 different rating distribution transformers 
9×250,4×400 and 2×630 kVA. Feeder network is of an overhead transmission line type using 120, 95 and 
70mm aluminium conductors. Furthermore, each transformer location is assumed to be a candidate site 
for PV accommodation. 
Optimal Site 1 Optimal Site 2 
Figure 2 
Chromosome Format for OPAL 
 P2
nc
 P1nc 
Ch1 F1 P21 P11 
P12 P22 F2 
Fnc 
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The study is implemented involving the following steps:
a) Initial power flow.
The system is subjected to a power flow investigation to record all initial values of power, voltages and 
losses necessary for the next steps.
b) Test 1 , SSPIT.
All buses are subjected to a penetration level investigation, test results are as shown in Table 1 resulting 
in MPL=603.2 kW at site number 4, the best voltage gain improvement of 5.1 % is at site number 5 and 
the largest active loss reduction is 61% at site number 2.
Figure 3 
114Mohet Single Line Diagram
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By rigorous analyses, the penetration level probability, voltage gain improvement and loss reduction
are separately investigated as shown in figures 4, the violation indices per site are recoded as follows:
ߙ ൌ ሾͶǡ͸ǡͻǡͳͷሿ ߚ ൌ ሾͶǡͻሿ ߛ ൌ ሾͶǡͻሿ
Table 1
SSPIT for test system feeder
Figure 4
MPL probability, Voltage Gain Improvement 
and Loss Reduction
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Hence  Ƀ ൌ ͳ ,i.e a violation occurs,, due to this fact four un-wanted sites are designated as 4,6,9 and 
15. The remaining 11 sites represent good candidate sites reflecting positive impacts when PV units are 
sited, hence bn is reduced to 11 in order to obtain Ƀ ൌ Ͳ. 
The final step of SSPIT is the cumulative listing of the remaining buses regarding MPL as in Table 2, the 
figure displays the best single (4) suitable for accommodating one PV unit. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
By integrating MPL, loss reduction and voltage gain improvements, aggregate probability 
investigation is performed as presented in figure 5, result returns the best adverse impacts sites. 
 
 
 
c) Test2, MSPIT. 
The candidate sites are subjected to a MSPIT test, using a GA based program result in optimal sites for 
PV units in the 11kV feeder. In this test, a multi bus injection test is performed, multiple sites are found as 
Table 2  
 MPL Sorting 
Figure 5  
 Aggregate Probability Presentation  
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an optimal group for siting PV plants using GA; three weighting factors are used with the following 
values: 
ɒଵ ൌ ͲǤ͸ ɒଶ ൌ ͲǤʹ ɒଷ ൌ ͲǤʹ 
The important allocation problem is also solved using OPAL strategy resulting in the optimal PV 
recommended size to be accommodated in the optimal locations. One of the capabilities of OPAL 
program can be run separately to investigate the optimal size of any selected group of sites in any 
distribution feeder; as an example, a group of two sites is tested 2, 10 as shown in Table 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4 shows the MSPIT output results, the optimal number of sites is three, optimal sites is located 
2,7 and 10. The optimal rating of each individual site is obtained within its MPL limit .580 kW is the 
optimal power that can be injected by the group of three optimal sites. After accommodation, the 
achieved reduction in active and reactive loss with voltage gain improvement is also presented. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3 
OPAL Result for Two Test Sites 
Table 4 
Optimal Site and Size (MSPIT) Result 
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4. Conclusions 
The accommodation strategy adopted in this work shows quick and accurate results. GA algorithm 
success in solving the large dimension complex optimality problem, chromosome format and coding 
reflects fast execution time and improvement in optimization search.  
Indices and weighting factors used are suitable for Iraqi distribution network and meet the distribution 
utility requirement; the optimal site and size results show 78% loss reduction and 62% improvement in 
voltage gain in the feeder designated as 114MOHET. Furthermore, the 580kW power injection reduces 
the supply 31.5 MVA 33/11kV power transformer active loss by 8%. These results indicates that the best 
group of sites include high penetration level sites regarding weighting factor ɒଵ ൌ ͲǤ͸ , changing 
weighting factors values influence the GA results strongly result in different sites to serve the utility plan. 
Several packages are coded using MATLAB and may be used individually or combined, the optimal 
one site can be located using SSPIT. The optimal allocation of multiple sites can be obtained from OPAL 
and/or a combination of MSPIT, SSPIT and OPAL for the optimal site and size for multi site application. 
Finally, embedding a free and clean power generators in distribution feeder records both technical and 
environmental advantages.  
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